Abstract
Introduction
Image enhancement is the progress of processing digital images so that the results are more suitable for display or further analysis. Image enhancement plays an important role, people make important decision based on the image information. The techniques of medical image enhancement is to improve some useful information in an image for doctors to diagnose, and remove or reduce some unwanted information. It is a very important part in medical image processing and CAD. Medical imaging is a leading role in modern diagnosis and contrast enhancement of medical image is useful in helping radiologist or surgeons to detect pathologic or abnormal regions. Enhanced processing of medical images is good for presenting a clear human tissues and organs, and is also good for aided diagnosis.
The traditional technology of the medical image enhancement includes spatial domain method and frequent domain method. Spatial domain method could be divided into point arithmetic algorithms and neighborhood enhancement algorithms concretely. Point arithmetic algorithms include gray-level transform and histogram equalization. Gray-level transform is used to expanding the scope of the graylevel of whole image and extending the contrast of image, but it is very easy to lose the details of image. Histogram equalization is a simple and effective contrast enhancement technique of the medical image processing and many other applications [1] . Histogram equalization may ensure the uniform distribution of gray levels, but it cannot highlights the edges of the image and it is difficult to control the effects of enhancement. Neighborhood enhancement algorithms include image smoothing and image sharpening. The Image Smoothing is used to eliminate image noise in general, but it is also more likely to occur fuzzy edge. The purpose of the image sharpening is to emphasize the edge, but image sharpening also weakens image contrast. The frequency domain method includes low-pass filtering, high-pass filter and homomorphism filtering. There are many defects of the traditional image processing method in the field of medical image. It usually process the whole image, and this will hide both partial and specific information partly, and these methods will be interfered by the noise easily. Therefore, it cannot meets the requirements of the medical image processing.
Empirical Mode Decomposition (EMD) [2] as a processing method which is nonlinear, nonstationary signal, has been widely used in the field of one-dimensional signal, and has achieved very good results. As early as in 2001, scholars already begun to try extending one-dimensional EMD to two-dimensional signal processing, [3] [4] [5] , and applied to the telemetry processing of the image. In 2003, French scholar J. C. Nunes proposed the concept of Bidimension empirical mode decomposition (BEMD) [6] . Due to the multi-scale characteristics of the empirical mode decomposition, there is a very good effect on the image by using the BMED Method for processing and analyzing , compare with the classic multi-scaled construction method based on wavelet transform and diffusion equation, the BEMD method is completely data driven, not only able to extract the global structure of the image, but also can process incomplete signal [7] [8] [9] . But the contrast of the image affects both the quality of the Bidimensional Empirical Mode Decomposition and the effect of the final image enhancement widely. The image is relatively smooth if the contrast of the image is relatively small, the different frequency of the image information which refers to IMF is not easy to obtain, and IMF number is relatively few. Therefore, we need medical image preprocessing and image contrast enhancement in order to get a better effect of bidimensional empirical mode decomposition. This paper uses histogram equalization with image details preservation to process the medical image firstly [10] . The method of histogram equalization with image details preservation can improve the image contrast effectively and avoid gradation loss as much as possible. Therefore, this method is very good to keep the details of the image. The proposed method improves the histogram equalization method which can prevent the image details losing and the BEMD. Through the improvement on various intrinsic mode functions which is obtained by the process of BEMD in different proportions, to achieve the effect of the image enhancement.
The rest of the paper is organized in the following way. Section 2 presents the necessary background. This includes histogram equalization method with details kept, two-dimensional empirical mode decomposition. Section 3 present the proposed method. In section 4, discussion of the experimental results. Section 5 conclusion
Relate algorithm
In this section, we would introduce two related algorithms including Histogram Equalization with Image Details Preservation and two-dimensional empirical mode decomposition. The proposed method is based on these related algorithms.
Histogram equalization with image details preservation
The problem of gray level losing during image histogram equalization is analyzed in this part. And new histogram equalization methods which can prevent image details losing are presented by GU Jianxiong. Image gray level probability density is uniformity distribution by the process of traditional histogram equalization. In the histogram, the interval of gray levels which have many pixels and intensive distribution are became bigger and bigger. But once the gray levels are merged which have few pixels and sparse distribution. Grayscale dynamic range is increased and the contrast of the image and visual effects improved, as a number of gray levels is lack of pixel distribution but others pixels of gray levels are concentrated, resulting in the reduction or loss of the gray level of the image. The grayscale fault phenomenon appears. Part of the gray details are over compressed, so the loss of image detail occurred, it was reducing the resolution of the image [11] .
Histogram equalization with image details preservation overcome these deficiencies and furthest to maintain the original details of the image.
Firstly, calculate the probability density function of the original image histogram   r k P r , which is defined as follows:
Where L is the number of image gray level, n is the total number of pixels, k n is the frequency of the gray level k r . Then execute power function transform for probability density function. Equation is defined as follows:
Where   ' r j P r is the value after execute power function transform. Next step is to normalized calculation of the variable   ' r j P r .
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Finally, execute traditional histogram equalization, equation can be defined as:
After this step, histogram grayscale spacing balanced processing is also nessensary. In this process, first of all is to count the number of gray levels e L which is processed by histogram equalization, that means to accumulate the gray level which is not 0. Then obtain a gradation effectively.
Then do an equal transverse space displacement for the effective gray level which is not zero in the whole grayscale range, the transformation function is 255 , 0 , 1 , ,
Because the spaces of the different gray level are equal, so the image details can be clearer display.
Bidimensional empirical mode decomposition
The key idea of this method is the decompose mode, and this method can make any complex data sets be decomposed for a few number of intrinsic mode functions. An IMF need to meet two conditions: (1) In the whole data sets, the number of pole and the zero-crossing should be equal or there is one difference at most. (2) At any time, the mean value which is envelope formed by local maximum and minimum [12] .
Similar to the one-dimensional EMD, BEMD in the decomposition of the image signal, require that the image signal including at least one maximum point and one minimum point, or image after a firstorder or order derivation able to meet the conditions of extreme points. Characteristic scale is characterized by the distance between the extreme points. 
(5) The input image , ( , ) 
Where constraint condition SD is defined as:
(7) Calculating the residual value, the equation is defined as follows: image, and back to step (1) continue to decomposition, until there are no extreme points can be decomposed from the final residual component. The whole bidimensional empirical mode decomposition is end. Thus, the original image can be expressed as:
It should be noted that for the one-dimensional signal, the residual amount is often a constant or a monotonic function to reflect the signal change trend, it usually can be ignored. BEMD obtained residual component for the two-dimensional image signal, it was containing a large number of gray scale information and it often cannot be ignored in practical applications the residual amount.
Proposed new algorithm
In this paper, the new algorithm which combines histogram equalization with image details preservation and bidimensional empirical mode decomposition has been proposed.
For most of the medical image, their contrast is often lower, the difference between the gray level of different organs and organ internal structure is not great. Therefore, using bidimensional empirical mode decomposition to process the medical image directly cannot achieve a good result. In addition, due to the limitations of the above conditions, mode decomposition will be a relatively long time. In order to overcome the above disadvantages and deficiencies, the method of histogram equalization with image details preservation has been used at first to process the original input medical image, then using mode decomposition to achieve different components of the IMF. Then using different proportions linear mapping to enhance each IMF components and achieve the final result.
The framework of the algorithm is as fallow: Figure 1 . The framework of the algorithm After obtaining of the input image, first step is histogram equalization with image details preservation, the algorithm in particular please refer to the second part of this paper, and it will not be repeated here. The flow chart is as follows in Figure 2 . And then the second step is using bidimensional empirical mode decomposition, to process the results from the first step. Flow chart is as follows in Figure 3 .
Figure 3. Bidimensional Empirical Mode Decomposition
In the process of BEMD, the purpose of mirror extension is to reduce boundary effects. During EMD decomposition of one-dimensional signal, at both ends of the signal will generated boundary effect [13] . If the signal to be decomposed is shorter, then the boundary effect reflects should be more obvious. With the conduct of the decomposition, the boundary effect will continue to signal internal expansion, even contaminate the entire data. In BEMD decomposition, the boundary effect still exists; this is because the image data usually is very short, the problem of boundary effects is serious and the influent is bigger. Therefore, in BEMD decomposition process, using mirror extension to process image data in order to reduce boundary effect is very necessary.
In BEMD decomposition process, the decomposition of the image to be carried out for 8 neighborhood mirror extension, so that the image is mapped along the eight directions. The original image is expanded to nine times by mirror extension, all the boundary points are located outside the processing area, and thus avoid the boundary effect. Due to the size of the image after the mirror extension is nine times that of the original image, so a large amount of computation is brought to the envelope surface fitting and screening process, and increase the operation cost of the program. We choose a point from the image boundary within the fourth range to the process of mirror extension.
Specific operations as shown in Figure 4 . The expanded image boundary effects can be avoided, while increasing the speed of operation, saving time.
For the maximum value and the minimum value of the selected, pixel 8-neighborhood comparison method is used. For a grayscale image, set the upper left corner as the coordinate origin, the horizontal direction as the X axis, the vertical direction as Y axis, to create a two-dimensional coordinate plane the XOY, for any pixel ( , ) i j exists in three forms: ( , ) i j is the internal point of the image, ( , ) i j is a boundary point of the image, ( , ) i j is the corner points of the image. Are shown in Figure 5 i j are to be compared with the gray value of the corresponding neighbor pixel.
After get extreme points, in this paper we use cubic spline interpolation to calculate the upper and lower envelope surface. The method of cubic spline interpolation is a piecewise polynomial interpolation method. Because it has to meet the general requirements of the practical problems and establish the process is not too complicated. It is the most widely used method. Cubic spline interpolation method is the use of mathematical function of the cubic spline function, cubic spline interpolation function of the mathematical description follows:
We give a set of nodes 
is Cubic spline interpolation function In addition, it can also combine the Delaunay triangulation calculation. Triangulation interpolation study area is divided into many different triangle areas, then the area of each small triangle interpolation, fitting the envelope surface, the last of the intended synthesis of each envelope surface stitching, constructed by the extreme points of the entire image constituting the envelope surfaces. Delannay triangulation method [14] [15] which has many features adaptable, flexible distribution is widely used in the discrete data in the automated grid processing.
Besides it can also use the radial basis function [16] [17] 
Where can be simplified to 0 0 0
Where ( )
Substituting grayscale image coordinates to calculate the combination coefficients i  and polynomial coefficients i c of linear equations, f is interpolation results. Final step is to combine the various IMF, Figure 6 is a flow chart. The method of linear transformation can be selected according to the actual situation itself. Because every IMF's data is floating in the 0 axis near, this paper directly transform by multiplication operation. 
Experimental results and analysis
In this section, at first, the experimental data is introduced. The result of the proposed method should be showed as follow. Through the above theoretical analysis, MATLAB has been used to simulate images. We also focused on the proposed algorithm that has been discussed. Three sets of experimental results has been given in Figure 7 .
In the analysis part, we made a comparison experiment between traditional gray transformation method, histogram equalization method and the proposed method to enhance the image, and Figure 8 shows the results of several different algorithms.
Experimental data
Experimental data is 60 sets of CT images obtained from a large hospital in Shenyang of China. We select a number of images that the internal structure of the organ is not quite clear as the experimental image.
Experimental result
We choose two images to give the experimental results in Figure 7 . (a) ,(b) and (c) stand for original images, and in (d), (e) and (f) the final results is given.
From the results, it can be found that the final result is better than the ordinal image. We can see form (d) that the internal structure of the abdominal organs such as the liver and pancreas is clearly presented, the adhesion between the parts of the organ also become clearer than the original image. In image (e), we can clearly see the internal structure of the lung. (f) is liver images; it can be seen clearly that the structure of the liver's blood vessels after enhanced. 
Analysis
In this part, different methods are using to be compared with the proposed algorithm. Comparison algorithms are including logarithmic image processing, piecewise linear gray-level transformation, the sigmoid transformation, linear gray-level transformation, histogram equalization transformation and the proposed method. Figure 8 shows the different results of these methods with a CT image. (a) is the original image in Figure 8. (b) is the method of logarithmic image processing, it can significantly enhance the effect of the brightness of the image, but contrast enhancement effect is not obvious. (c) is piecewise linear gray-level transformation, it has a certain effect of improving the contrast of the image, but not obvious. In addition, weather segmented division's good or bad make a big effect of the enhanced image. (d) is the sigmoid transformation and (e) is linear gray-level transformation. They have the same problem with piecewise linear gray-level transformation. (f) is the histogram equalization transformation, it can effectively improve the image contrast. But the combination of the internal structure of the organ to consider, the proposed method is better than other methods from the results. Besides, we also give lots of results of quantitative analysis. As it relates to the visual characteristics of the human eye, so far, there is not a recognized good subjective quality and objective quality evaluating indicator. At present, commonly used to evaluating indicator is Peak Signal to Noise Ratio (PSNR), it is the most universal, objective and the most widely used measurement of the quality of evaluation method.
PSNR is defined as follow: 
Where MSN is defined as: The larger the value of PSNR, the better visual effect achieves. In the Table1, our proposed method has higher value than that of other methods. 
Conclusion
Aiming at that existing medical image enhancement method cannot make partial and detailed information prominent and it will be influenced by noise easily while enhancing the contrast of medical image, a novel algorithm which combine histogram equalization with image details preservation and bidimensional empirical mode decomposition is proposed in this paper. The proposed method combines the advantages of the airspace and frequency domain enhancement. First of all, the proposed method is better than traditional histogram equalization and other methods, it avoids the problem of losing gray level in the process of traditional methods. Further, it could achieve an enhanced effect by enhancing information on different frequencies targeted. Experimental results show that the proposed method has a good robustness and a better enhancement effect than other methods.
Although the proposed method is more positive than traditional method, but it still suffers from several limitations. For example, some enhancement results are slightly over-enhancement in some areas. In addition, parameter adjustment is another point which has space to improve. In this paper some parameters have to be adjusted manually. This is the direction which needs to be improved during the further research. The effect of enhancement is improved but it is still far from enough. Therefore, many potential applications are existed for further research.
